prolonged time period. The animals learned that one leading image was always followed 141 by a specific trailing image. In a subsequent session, single--neuron activity was recorded 142 from inferotemporal cortex (IT) while the animals viewed stimulus pairs which were 143 either previously associated or randomly paired. IT neurons exhibited higher firing rates 144 following stimuli which violated previously learned transitional rules, compared to those 145 that were associated with the previous image. 146 This type of statistically learned expectation is relevant to a large number of 147 stimulus repetition designs that have been used in the past. In these designs, participants 148 are presented with two stimuli in each trial, which may be of the same or different 149 identities. In repetition trials the identity of the second stimulus can be predicted after 150 seeing the first stimulus in the trial, however the alternating (unrepeated) stimulus is 151 often randomly--chosen from a set of multiple stimuli, and is very difficult to predict with 152 any certainty (Feuerriegel, 2016) . This imbalance in predictability across repetition and 153 alternation trials could theoretically inflate the magnitude of, or even produce, many 154 previously observed RS effects. Pajani et al. (2017) investigated this using a design that 155 manipulated the predictability of the alternating stimuli. They presented stimuli in 156 repetition blocks, composed of 75% repetition and 25% alternation trials, and alternation 157 blocks, with only a 25% portion of repetition trials. Crucially, in a third block type 25% of 158 trials were repetitions and 75% were predictable alternations, whereby the second 159 stimulus was repeatedly paired with the first stimulus during a prior training session. 160 They observed large differences in the magnitude of repetition effects, apparently due to 161 reductions in BOLD signals for predictable compared to unpredictable alternating faces.
162
Further evidence for predictability effects came from a recent EEG study (Feuerriegel et 163 al., 2018a), who used a similar blocked design with predictable and unpredictable 164 alternating faces. In the so--called "AB" blocks in that experiment the second stimulus in 165 each trial could either be the same image as the first (repetition trials), or a specific same--166 sex face (predictable alternation trials). In the "AX" blocks, however, the second stimulus 167 could either be a repetition of the first one, or a same--gender face, selected randomly from 168 a set of 23 stimuli (unpredictable alternation trials). Differences in event--related potential 169 (ERP) repetition effect magnitudes across AB and AX blocks were found during multiple 170 7 time windows post stimulus onset. Importantly, these differences in observed repetition 171 effects were due to differences in ERP responses to alternating stimuli across block types, 172 and no differences across AB and AX blocks were found for repeating stimuli.
173
Critically, this study did not equate the relative novelty of AB and AX alternating 174 stimuli, as each individual face identity was presented many more times in the AB 175 compared to AX conditions. Similarly, in Pajani et al. (2017) the predictable alternating 176 stimuli were presented many more times during the experiment than the unpredictable 177 alternating stimuli, which were trial--unique. Because of this, it is unclear whether the 178 observed effects were primarily due to effects of stimulus predictability or stimulus 179 novelty, both of would have similar hypothesised effects on neural responses (e.g. , 2016; Mur et al., 2010; Xiang and Brown, 1998) . 181 We used a similar design to investigate the interplay of stimulus repetition and 182 prediction effects using fMRI, while controlling for the relative novelty of predictable and 183 unpredictable alternating stimuli. The previously introduced conditions in Feuerriegel et 184 al., (2018a) were adopted, including predictable (AB) and unpredictable (AX) alternating 185 trials. RS was measured by comparing BOLD signals in trials with repeated and 186 alternating stimulus pairs. Importantly, prior to the fMRI scanning session participants 187 underwent 4 training sessions on consecutive days, during which they were presented 188 with 6 predictable alternating face pairs (i.e. the first face of a pair was always followed by 189 a specific same--sex face) to create specific face associations for the alternating trials.
180

Feuerriegel
190
Because previous fMRI studies that presented face stimuli (Amado et al., 2016; Egner et al., 191 2010; Summerfield et al., 2008) Participants first completed a series of behavioural training sessions, followed by an fMRI 225 session (see Fig.  1C ). The experimental design, including the stimuli and task, was 226 identical across training and fMRI data acquisition sessions, except where specified 227 otherwise.
228
In each trial ( Fig.  1A ) an adapter (S1) and test stimulus (S2) were each presented for 229 250 ms, separated by an inter--stimulus interval (ISI) of 400--600 ms (randomised across 230 trials). The image size of S2 was 20% smaller than that of S1 to avoid low--level adaptation 231 processes. Trials were separated by an inter--trial interval (ITI): for the training sessions 232 the ITI was 1800, 2000 or 2200 ms, randomly distributed across trials, and for the fMRI 233 sessions it was 6, 8 or 10 seconds.
234
In each trial, S1 and S2 could either be identical (repetition trials; Rep) or depicting 235 different identities (alternation trials; Alt). These trial types were presented in two 236 different contexts ( Fig.  1B ), labelled as "AB" and "AX". In the AB context the S2 face could 237 either be a repetition of the S1 face (Rep trials), or a specific face identity that had 238 previously been repeatedly paired and associated with the S1 identity during the training 239 sessions (Alt trials). In these Alt trials of the AB context, each S1 face identity was 240 consistently paired with one of the five other face identities that were allocated to the AB 241 context. Each S1 identity in the AB stimulus set was paired with a different S2 face 242 identity, ensuring that each face image would be presented an equal number of times 243 throughout the experiment. In other words, once the participant has seen a given S1 face 244 "A", they could form expectations regarding the S2 to be a repetition of face "A" or a 245 different, specific identity "B". In the AX context S2 could either be the repetition of the S1 246 image, or a different identity, pseudo--randomly selected from the set of 5 other face 247 identities. Therefore, in the AX context, there were no consistent pairings between S1 and 248 S2 face identities for the Alt trials: S2 could be any of the five other faces, allocated to the 249 AX condition, ensuring that each face appeared the same number of times throughout 250 this condition. This procedure ensured further that each AB and AX face identity was 251 presented the same number of times across the experiment. Figure  1 . Trial structure and predictability cueing manipulation. A) In each trial S1 and S2 262 face stimuli were presented, separated by a 400--600 ms inter--stimulus interval (ISI). The
263
S2 stimulus could either be the same face image as S1 (repetition trials) or a different 264 female face (alternation trials). B) For alternation trials, the S2 face could either be a 265 particular face "B" that was repeatedly paired with a specific S1 face "A" during the training 266 sessions (AB context) or pseudorandomly--chosen from a set of 5 different faces (AX 267 context). The probability of stimulus repetition was fixed at 50% across both contexts. C)
268
Participants completed 4 training sessions over consecutive days. Trial structure, task 269 (same--different forced choice), stimuli and AB/AX contexts were the same as in the fMRI 270 scanning session but with a shorter ITI duration. Following the fourth training session 271 participants then completed the fMRI session on the same day. During the training and fMRI sessions the participants' task was to decide whether 288 the S1 and S2 were the same or different face images by pressing one of two keys on a 18 out of 20 participants (average MNI coordinates (± SE): 41 (1), --47 (1), --21 (1)). We could 302 also define the left FFA in a subset of 14 participants (average MNI coordinates: --40 (1), --51
303
(2), --21 (1); p < 0.05 FWE) and included this ROI in a separate analysis.
304
Magnetic Resonance Images were acquired using a 3--Tesla magnetic resonance 
Neuroimaging Results
355
Peak BOLD signal amplitudes by participant and condition are displayed in Figure  2A . We 
361
We also found an interaction between context and trial type in the rFFA (F (1,17) = 362 5.49, p = 0.032, η p ² = 0.24). Plotting this interaction effect revealed larger RS magnitude in 363 the AX context (mean repetition - alternation difference = --0.095, SE = 0.022) as 364 compared to the AB context (M = --0.022, SE = 0.020, shown in Fig  2B) . Additionally, there 365 appeared to be a larger magnitude effect of context on Alt trials, with AX Alt trials evoking 366 larger BOLD signals than AB trials (mean AB - AX context effect = --0.046, SE = 0.018). In 367 contrast, BOLD signals for AB and AX Rep trial differences did not differ as much (M = 368 0.027, SE = 0.020). Altogether, these results suggest that the extent of the observed RS 369 largely depends on the signal magnitude of the Alt trials and this, in turn, is reduced by 370 prior associations of S1 and S2.
371
As we could identify the left FFA using our localiser sequences in a subset of 372 participants, we included this ROI in an additional analysis. We found an RS effect (main 373 effect of trial type, F (1,13) = 10.0, p 0.007, η p ² = 0.44). The interaction effect was the same 374 pattern as found for the rFFA, but did not quite meet our statistical significance threshold 375 (F (1,13) = 4.36, p = 0.057, η p ² = 0.25).
16
Notably, we did not observe statistically significant RS effects in our sample in the 377 AB context, for the right FFA (t(17) = --1.10, p = 0.287) or left FFA (t(14) = --0.23, p = 0.819, 378 mean Rep - Alt difference = --0.004, SE = 0.019), whereas we did find significant RS effects 
Discussion
390
To investigate the interplay between repetition and expectation effects, we presented 391 pairs of faces which could either repeat or alternate within a trial, in two different 392 contexts. In one context the alternating faces were chosen randomly and were therefore 393 unpredictable, while in the other context the second face in alternating trials could be 394 predicted after seeing the first, due to previously learned transitional rules and 395 contingencies. In both contexts the repeated stimuli were predictable. We found 396 repetition--related reductions of BOLD signals in the left and right FFA, consistent with a 397 large body of work (for a review see Grill--Spector et al., 2006) . More importantly, we 398 report that responses to alternating stimuli differed markedly depending on the context; 399 unpredictable stimulus pairs (in the AX context) evoked larger BOLD signals than those 400 which were predictable (in the AB context). This in turn modulated the measured 401 repetition--alternation signal differences that typically defines the measurement of RS, and 402 even determined whether or not we found statistically--significant RS effects in our their studies the alternating stimuli in AB--type conditions were presented many times to 416 the participants, yet the alternating stimuli in AX--type conditions were presented much 417 more rarely (Feuerriegel et al., 2018a) or only once in the experiment (Pajani et al., 2017) .
418
By contrast, we presented each face image in the AB and AX contexts an equal number of 419 times, thereby replicating their findings while controlling for effects of novelty.
420
Notably, effects of stimulus predictability seem to be consistent across images, rather than more abstract expectations about whether a stimulus will repeat or 427 18 not. These types of expectations appear to be qualitatively different to expectations 428 pertaining to more abstract sequences of stimuli, and there is some evidence that these 429 two have interacting effects on neural responses (Costa--Faidella et al., 2011; Feuerriegel et 430 al., 2018b; Mittag et al., 2016) .
431
Similar to the EEG study of Feuerriegel and colleagues (2018a), we observed that 432 these context effects predominantly acted upon responses to alternating rather than could either be a repetition of S1, or a specific different face identity, with a probability 443 ratio of 1:1. In contrast, after seeing S1 in the AX trials, an image repetition would occur 444 50% of the time, yet each of the 5 possible alternating face images could each appear with 445 a probability of 10%, leading to a probability ratio of 5:1. If participants' expectations 446 depended on the relative appearance probabilities of specific images, then this would lead 447 to expectations more strongly weighted toward repetitions in AX contexts, and larger 448 surprise--related BOLD increases following AX alternating stimuli. According to this 449 interpretation, one might also expect to see similar magnitude suppression of BOLD 450 signals for AX repetition trials, reflecting ES, whereas we observed larger context effects 451 for alternating trials. This may be because surprise seems to have a larger effect on neural 452 responses than fulfilled expectations (Amado et al., 2016; Kovács and Vogels, 2014) . In , 2012; Pajani et al., 2017; Feuerriegel et al., 2018a Feuerriegel et al., , 2019 . In fact, one of the earliest 461 mentions of RS in macaques was from the seminal study of Gross and colleagues (1979), 462 using an AB--type design, with associated stimuli and an S1--S2 matching task.
463
In addition, we note that the RS effects in our study may not be strictly localized to than in the current study and most previous studies of RS. This is because RS, which is 475 usually a very robust effect, was not even statistically significant in the AB context in our 476 sample, suggesting that the true magnitudes of 'true' RS effects may be much smaller than 477 previously assumed.
478
While our findings do not provide strong evidence for or against predictive coding 479 models that incorporate the notion of sensory precision (e.g., Auksztulewicz and Friston, Second, we did not find differences in mean RTs and accuracy scores across AB and 498 AX conditions, despite extensive training and exposure to the stimulus pairings. This is 499 despite our findings of stimulus repetition effects on RTs. Because of this, it is unclear 500 whether the predictability effects found in our neuroimaging results were actually used for 501 decision making during the task. Although validly--cued expectancies for certain stimuli 502 have led to faster responses in previous studies (Hall et al., 2018; Mulder et al., 2012) , these 503 designs have typically conflated expectations to see a certain stimulus with preparation of 504 motor actions corresponding to that stimulus (Gold and Stocker, 2017) . In addition, recent 505 findings have cast doubt on the idea that contextual expectations affect those sensory 506 representations that are used for perceptual decision making, at least in the same trials 507 whereby those expectations are fulfilled or violated, and when controlling for feature--508 selective attention (Bang and Rahnev, 2017; Rungratsameetaweemana et al., 2018 ). In our 509 task there were no cued biases toward a particular button response, and participants' 510 expectations for how to respond were balanced across AB and AX contexts. This may be 511 why we did not observe predictability effects on behavior. 512 21 5. Conclusion 513 We have shown that, in immediate repetition designs, an observer's capacity to predict 514 the image of repeated compared to unrepeated stimuli has a substantial effect on the 515 observed magnitude of RS. While this does not necessarily mean that RS is best accounted 516 for by predictive coding models, it does indicate that measures of repetition effects have 517 likely been inflated due to this confound in a very large number of previous studies,
518
including those run within our own labs. We also highlight stimulus predictability as an 519 important, yet commonly overlooked, factor to consider when investigating the hierarchy 520 of expectation effects implemented within the visual system. 
